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ENGINE CONTROL FOR LOW EMISSION VEHICLE STARTING 

^^.^^^^tp^Rel^d Applications 
This application is a continuation application of Serial 
No 10/064,432 filed July 12, 2002 and is hereby incorporated 
by ' reference. This application also claims the priority under 
35 U S C § 120, and is a continuation application, of the 
following U.S. patent applications, which are hereby 
incorporated by reference in their entirety for all purposes: 
0 S. Patent Application Serial No. 10/064,430, filed 
July 12, 2002; and U.S. Patent Application Serial No. 
10/064,433, filed July 12, 2002. 

Fio iH of the Invention 
The present invention relates generally to the oontrol of 
an internal combustion engine having an air introduction 
device in the engine exhaust. 

Background of the In vention 
To reduce engine emissions, it is desirable to rapidly 
heat catalytic converters in the engine exhaust. In other 
words, catalytic converters achieve higher emission reduction 
after they have reached a predetermined operating temperature. 
Thus, to lower vehicle emissions, various methods are 

• « rara iv,t temperature as fast as possible, 
available to raise catalyst "mpsidtu 

in one approach, during the warm up phase of the 
catalytic converter, the engine ignition timing is retarded, 
and the engine air-fuel combustion mixture is set lean of 
stoichiometry. In this way, the retarded ignition timing 
provides additional heat to the engine exhaust, while the lean 
air-fuel mixture produces minimal hydrocarbons. In this way, 
catalyst temperature is rapidly increased, while minimizing 
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Such a system is cited in U.S. Patent 
hydrocarbon emissions. Such a sy 

N °- 5 ' 497 ' 745 ' f ¥ . nrgsent invention have recognized 

The inventors of - p e sent ^ ^ ^ ^ 

that a - s ---;;;; r ; imited by combust ion ^. 

0 ^^:Tu^^i^. — amount of -at that can he 

abilit y to increase catalyst ^« ^ gxhaust is to 
Another approach to proving heat th 

..u . rich air-fuel mixture while 
operate the engine with a rich 

providing additional air directly 

• ^rribed in U.S. Patent No. 5,136,8^. 
Such a system is recQgnized a problem with 

The inventors herein have also y 

h r n particular, the inventors have 
the above approach. In parti ^ 

j , hat increased exhaust emissions may resui 
discovered that mcr hydrocarbon s and injected 

incomplete burning of the excess y ^ ^ 

airflow in the exhaust system. 

f„re is too low, complete burning m the 
temperature is ^ ^ nofc QCCur . 

m anifold upstream of the cataly ^ ^ 

Als o, the inventors herein have recog 

offers while operating the engine r 
fuel economy suffers ? into t he engine exhaust, 

providing the additional air directly 

Hs the excess fuel added to provide a rich 
In other words, the exot hermic reaction 

* «i ratio (and which provides heat via 

fuel ratio (an ^ economy . 

in the engine exhaust) detracts 

SummarjL2!J^-^^ 
Th e above disadvantages with prior approaches are 

,W for operating an engine with an emission 
overcome by a method for ope g ^ ^ ^ 

control device in an exhaust -y.t ^ 

introduction device coupled - ™ 

me thod o*i-^•«^^^ P t ^ timing and 
wit h ignition timin ■ said ope ration 

combusting a lean air 
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valu e,- and after reach.n, a d P ^ 

th ;; ngin ; £ I a d air introduction dev.ce. 

i => manifold auto-ignition 
selected value (for example, a manifold 

, re , it is possible to minimize the chance of 
; u 'l s 1 th^h the exhaust system. Further it 
U " b e to u a little fuel as possible to achieve the 
is ble . t0 J 6 heating . In othe r words, the present 

desired rapid catalyst fche 

— — :riii: a i ^ m ^ 

^ 7^^ ^ and a, — 

-hko *ir introduction device. 
" ' te tnat tnere a. — - — — 

exh an S t te^eratnre reaches a pre-seiected vain. 

ovhaust temperature sensor can be used 
example, an exhaust temp amatively, the 

„„res exhaust manifold temperature. Alternately, 
" troller can estimate exhaust temperature based on 

engine controller can exam ple: intake air 

r:rr: -rr:;:r-.^ - - - 

fuel ratio. present invention 

A n advantage of the above aspect of the * 
is Educed emission due to decreased catalyst light 

Brjj*f_J>escr^^ 

-^ri hprpin will be more fully 
T he advantao.es enbodiment in uhic h the 

understood hy readin, an ~ » ^ e r e d ^ ^ 

„cpri to advantage, rererreu 
invention is used to au. rpference to the 

* vhp Preferred Embodiment, with reference 
Description of the Prererre 

drawings wherein: the 
Figure 1 is a block diagram of an engine 

invention is used to advantage; 
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u^v. level flowcharts of 
o s and 13-14 are high levei 
Figures 2-e ana u . 

routines for controlling engine an, components 



30 



according to the present invention; 

Figures 9-11 and 15 are graphs illustrating P 

4- ft f the present invention; and 
according to one aspect of th P introductlon device. 

Figure 12 shows details of the air 

• of the p^^f^ rred Embodim ent 

' -7* in comprising a plurality or 

internal combustion engine 10, comp 

«, cvlinder of which is shown in Figure 1, is 
cylinders, one cylinder 

controlled by electronic engine controller 12 g 

, , , n cvlinder walls W1U1 

includ es coition cna.fer 30 a n d c y ^ 

pi ston 3 6 positioned tnerern an ™« 44 and 

coition onager 30 « w 

— 48 teSPeCtl I 0 " ; eo n pl e d to e* h a„st 

, A Fvhaust gas oxygen sensor 16 is coup 
valve 54. Exhaust g ^ 

m anifold 48 of engine 10 upstre contro ller 
In general terms, which are described later , 

. ^Wfuel ratio in response to feedback 

U ' „ -W above two-state exhaust gas oxygen sensor 

As described above, 

oi.d to exhaust manifold 48 upstream of 

16 " Sh ° Wn C ° UP r r Two-state exhaust gas oxygen sensor 

catalytic converter 20 T ^ Qf 

80 is also shown coupled to exhau 

. on Sensor 16 provides signal EGOl to 
catalytic converter 20. Sensor P two _ state sign al 

19 whirh converts signal EGOl into 
controller 12 whrch indica tes exhaust 

KCS1. A nigh voltage state O S on ^ 

aT -A rich of a reference air/ fuel rati 
gases are rich of indica tes exhaust gases are 

,,-ate of converted signal EGOl inaiu 

• / f „*i ratio. Sensor 80 provides 
lean of the reference air/fuel ratio. 

* nor 12 which converts signal EG02 into 
sianal EG02 to controller 12 wnicn 

• , V r0S2 A high voltage state of signal EGOS2 
two-state signal EG0S2 . A nig air / fu el ratic 

indicates exhaust gases are rich of a reference air/fue 
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and , iow voltage state of converteo signal EGO! indicates 
exhaust gases are lean of the reference air/fuel ratio. 

Xntake manifol. 44 co^unicates with throttle body 64 via 
throttle plate 66. In one embodiment, an electronically 

ho used without an air bypass valve, 
controlled throttle can be used witn 

In this case, the airflow is controlled via the thrott e 
instead of using the idle air bypass valve around th throttle 
put. If • mechanical throttle (linked via a wire to pedal 
,0) is used, then the air bypass valve is used to 

,. ,,,, around the throttle 66, as is known 
electronically adjust air arouna tn 

in the art. Intake manifold 44 is also shown bavin, fuel 
Sector 60 coupled thereto for delivering fuel in proportion 

* ifnwl from controller 12. fcuer 

to the pulse width of signal (fpw) trom 

Z delivered to fuel injector 63 by a conventional fuel system 
(not shown, including a fuel tank, fuel pump, and fuel rail 
(not shown, . engine 10 further includes conventional 
dis tributorless ignition system 88 to provide ignition park 
to combustion chamber 30 via spark plug 9 2 in response , to 
oontroller 12. In the embodiment described herein, control!.. 
12 ls a conventional microcomputer including: microproces 
unit 102, input/output ports 104, electronic memory chip 106, 
„nich is an electronically programmable memory in this 
particular example, random access memory 108, and a 

conventional data bus. 

Controller 12 receives various signals from sensors 
ooupled to engine 10, in addition to those signals previously 
d iscusse d , inching, measurements of in d ucte d mass ai low 
(mF , from mass air flow sensor 110 couple, to throttle bo d y 
64; engine coolant temperature ,«*> from temperature sensor 
U2 coupled to cooling jacket 114; a measurement of manlf Id 
pressure («P> from manifold pressure sensor 116 couple to 
intake manifold 44; a measurement of throttle position TP 
fr « throttle position sensor 117 couple, to throttle plate 
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^i fPTP^ from Hall 
6 , and a prorile ignitic >»>^Z < — ^ 

1 1 fi roupled to cranKsnai. 
effect sensor 118 coup reC eives a 

j m Further, controller 
engine speed (M) . ure (Te ) from sensor 76. 

„ent of - * J ^ indication of exhaust 

Alternatively, sensot 

or catalyst temperature, 
gas temperature, or cata y prov ides a 

Further still, downstream sen so 80, P ^ 

* «i ratio downstream ui 
measurement o£ arr-fuei ^ sensor 80 is . 

dev ice 20. m one example. ^ ^ pro , ide3 an 

switching EGO type sensor. ratlo) over 

indication of air-fuei retro ^ ^ ^ 80 

of air-fuel ratios. ±" 
a range or air 

k „own as a 0EGO sens or. 44 by . 

Exhaust gas rs delrvere ^ 
■ ,1 pgr tube 202 communrcatmg « 
conventronal " ^ oti£lce 205. 

48 , EGR vaive assembl *° ' routed passage 

Rlt ernatively. tube 202 coul , 8 

in the engine that communrcate common icates with 

44 Pressure sensor 
and intake ^ 200 and orifice 205. 

EGR tube 202 between valve a ^ 
Pre ssure sensor 207 co^unr cates ^ ^ 

Stated another way, exhaust gas ^ ^ 

44 first through valve assemb y . ^ ^ 

., nlH 44 EGR valve assemuxy 
205 , to intake manifold • pressure 

be said to be located upstream of orxf ^ . gauge 

w« anther absolute pressure 
sensor 206 can be erther ^ ^ ^ elther 

„ fln , or Further, pressure 
pI essure sensor. 

an absolute pressure ^ pressure 

, nreesure sensor 20b can 
Further yet, pressu ^ uge pressure 

while pressure sensor 20/ 
) sensor, while 

SenSOr " , oro vide a measurement of manifold 

The flow sensors provide to 
pre ssure (»P) and pressure drop across orifice 
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» nd DP are then used to calculate 
— 12 • has a valve position ,0, 

EGR flow. EGR valve assemb ^ resttic tion in EGR tuba 

ahown, for controlling a vana ^ 200 

202 , which thereby eontrols «** ^ ^ ^ ^ „ 
can either minimally restric 

.. PGR flow through tune 
completely restrict EGR valve assembly 200- Vacuum 

regulator 224 is ooupled to E ^ ^ controll er 

regulator 224 receives «*» rf ^ „ alve ass emb!y 200. 

12 for controlling valve pos ^ ^ a vaMUn , 

In a preferred embodiment, EGR V ^ ^ ^ ^ 

actuated valve. However, ny » solenoid p0 „ered 

be used such as, for example, 

valv e or a stepper motor V™"^' u coupled t o 

nnally, air i""^""^^ 20 . Controller 12 

— ' Lr^ to -J device 20, Cevice 

sends a command voltage I P) exnaast 
209 can be an air pump, which pumps aafcie^ ^ ^ ^ 
manifold 48. The amount of air pum ^ ^ 
sig „al voltage (Vp) . / or any other such 

duty cycle, a freguency -*> 1 ^ infornation to device 209. 
type signal to transmrt the c ^ po „ered 

In one example, the air pump is in 
oevice. More details of the exemplary 
mo re detail with reference to Eigure^ ^ # 

/osition of the driver ^ pedal^ _ 
Re-rring now « E U ^ ^ 

chart is described. oxidation (arr 

.f.rtina seguence using poi 
0 vehicle/engine starting q routine starts at 

. ■„,.„ the engine exhaust), 
introduced into the e g 1S 

3 tep 210. Then, at step ^ environmental sensors 

initialized (see Eigure . aiI temperature, 

sach as engine coolant temperature, 



nff time are 
ba ttery voltage, and engine o££ 
barometric pressure, V ^ puBp (i . e ., to 

u3 ed to caicuiate ^""^ an d voltage, . Xn other 

compensate tor temperature, P ^ obtain a 

da the present invention controls 
„ords, the P introduc ed via pump 209. 

desired amount of s on these 

amount of air for a given vo tag^P ^ ^ 

environmental «*"^ ^ variatlon in these 

pcmp command to compete ^ ls „ air 

environmental condftfons. cWlrei to sea 

is introduced for a s-n J ^ . high „ voltag e 

le vel. - such, when op r rug ^ ^ 

U commanded to provide » * achieves moE e accurate 

an ount. Thus, the present inv ^ ^ 

air estimate, air con r , ox idation mode. 

10 op air-fuel control durrng P ^ £or by 

Mte matively, thrs als0 potentially 

posting fuel ^'f^J^ air-fuel ratio 
being adjusted vra feedhac, ^ ^ ^ 

sensor. Such an approach is de ^ ^ ^ ^ 

Furth er, these environ^ . ^ (m 

calculate fuel delivery an * . purther , 

° f :rr: r*— — - °* idation 

these parameters are u 

is required. the routine determines whether the 

" St6P hen the answer to step 214 is — the 
engl ne is cran^n,. ^ ^ ^ engine x. 

routine returns to step ^ 
b eing cran.ed, the routine co ^ ^ u _ 

S«P 21« d "« lbeS th ;. e t ; Figar e 4. m general terms, 
0 £ull y described with regard to g ^ ^ ^ 

the cran* mode is actrv »h - ^ ^ _ maintai „ 

and the engine has not reach ^ ^ 

lts sp eed. During this mode ^ scheduled 

engine , the fuel deliver,, and rgnlt 
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,■1 the engine reaches a pre-determined 
in an open loop mode until * minimal 

engine speed and ^^^^ the engine is 

This determination, 
hydrocarbons. This Qn engine 

out or the cran* «de. i. -* ^ exwle . when th e 

speed ; --rrr:l- returns to 3«p a, 

answer to step 218 is 

— th ;rr rr:i— - ^ , 

cold, in otn predetermined 
engine coolant temperature rs b.1 P ^ ^ 

— • m J. in step «. — ■ * 
routine continues to the ^ 

.escribed in detail wit, ^JJ^ to produc e a iean 
d „ring the col d run mod - _ ^ u 

exhaust air-rue m-tu ^ yalue t0 
scheduled to a retarded It ^ oat alyst. Since 

mi „imire hydrocarbon emissrons « combus tion 

- — lgnit Tr:rl ed i nition timing and rich 
produces iess torque than ^ ^ thls , 

air . £uel fixtures, engrne P ^ ^ ^ 

engi „e rpm can be » air charg e . further, this 

— —or: IaU additional benetit o £ 
increase xn £1 ° amount o£ he at to the catalyst, 

providing a smaU ad tr uhether port 

llr enerally, this decision is based on 

oxidation x. ^""^ exhaust nange temperature, 

inf ormation from an ~ and the th rottle (or 

catalyst temperature d agn ^ ^ ^ ^ _ reached 

pedal) state. If thro ttle transition has 

a predetermined temperature, nptature is reached, port 

rh B auto ignition temperature is 
occurred before the auto ig disab led, the 

^-.^ Tf oort oxidation j.& 
oxidation is disabled. P ^ ^ until a 

determination is made 
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ine will continue in cold run 
oxidation is enabled, the eng ture is greater 

mod e until the estimated exhaus ; - J ^ which 

tha n the auto ^2^::^ d . T his is described 
point the oxidation mode will 

more £ull y wit. regard te Pigure • ^ ^ 

„ h e„ the answer to step »«> * oxidation , as 
eontinues to step 226 to seance the P ^ 
described .ore folly with regard t ^ , £ 

va rious environmental rnpur 
routine considers va oxldat ion is not 

port oxidation is recurred^ ^ ^ 

required, the oold run mode « ^ ^ mode u 

determines that run mode rs appr p minimize d without 

, .„ that hydrocarbon emissions are 
oalibrated so that hy ^ ^ , 

drivability concerns. IP ^ ^ ^ ^ oxidatlon 

transition ooours ™J^ \ is warded further, and 

ffiode . In this ease en, in , ^ enrich the 

th e injected fuel i m ^ £uel) . 

exhaust air-fuel »«» " enafcled . Po rt oxidation is 

Further, the external air pump exhaast 

, a ,ril a throttle input is detected, 
, enabled until a t ^ ^ ^ reaches . 

£la nge temperature ^ tempeiatu re rs 

predetermined limit. ^ ^ ^.^ fuel , alI , 

reached, a second timer is to achi eve 

and ignition timing can be ^ ^ ^ 

!5 optimal hydrocarbon emiss c ^ ^ ^ stoicnio metric 

operation (oscina exhaust), i.e., 

£ual control using oxyge, , » n - ^ 
ma i„taining the exhaust art 

30 stoichiometric point oxid ation mode, the air- 

Mh en transitioning to ^ 
£ uel ratio is swrtched to rich ^ ^ ^ 

^ these actions may not occur 
However, these g and pump 

In ot her words, since air pump 
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■ties differ based on the particular configuration, one 
cap acrtres d f ^ ^ ^ other 

may require fuel to oe 

configurations may require air before fuel. 

L pump flow is estimated by reading pump voltage, 
assure across the pump, and ambient pressure and 
^ , e air pump compensation for barometric 

temperature. I.e., achieved. The amount 

assure and external temperature can be a 

pressure an is determined from 

o£ £uel en—t during por o> ^ ^ 

the estimated air P u,p arr «... P ^ ^ ^ 

f eedbacK using the oxygen sensor^ ^ 
oxidation, a desired engine arr-fue ratro 

• 4Hnn in the exhaust with the inrruu 
ach ie,e ™ ^ ratio is rich er than about 

from the pump. Typically, air -fuel 

, „ ac tual combustion ricn an 

12! 1. Then, based on the actua red via sens0 r 

. • an d the air entering the engine (measurea 
ratio, and the calcu lated. As an 

UO), a required air pump a r flow ^ ^ 

example, the following equation can be 
desired air flow through the air pump: 

a -voH air = (1 " ^AO * MAF 
air_pump_desired_air \± 

, r fnP l ratio and Ac is the 
where As is the stoichio m etrrc arr-fuel ra 

v-i^ This provides a near 
rich combustion air-fuel ratio. P introduced 

s^-metric mixture of ric , ex aus g ^ 
ai , A lternatively a .U* e n ^ ^ ^ 

can be used if desired. Further 
used to determine a pump command voltage (Vp) 

j-4.-«»»a described above herein, 
operating condi ion s e ^ s 

Ad ditionally, the e t ^ ^ 

includes compensation for the 

,„, lo in the port oxidation mode, the rourin 
reaction. While in the po transition has 

^ throttle sensor to determine ix a 
observes the throtti Arr „ rred the timer is stopped 

occurred. If a transition has occurred, t 
and fuel injection and ignition timing are transitio 



™» m ° de c ° ndltl0nS . the ptesent invention have recognrzed 

Th e inventors of th P Qperation . In 

that detecting transrtrons P ptessure 

particular, as the *™ «- air pump. I» 

raises thereby limiting « rr * * V signi£ic antly to the 

point where the externa! pump »» » ^ air 

x. o-;-r as described herein. 
su££ icient exhaust - ^ ^ exhaus t 

pomp may not be able to ^ extinguished there by 

pr essure. the e-he- ^ ^ 

increasing emissrons ten perature is 

if . throttle transrtron ^ Umit . Th e shut- 

reached, or a timer excee ignition timing, 

o££ sequence allows independent control 

ai, and fuel Use the initiating =-uence ^ 
„ext, in step 2 2 S the routine tran on* ^ ^ 

j .^i bplow with regaxu 
as described in more *>» l1 a „ d the cold run mode are 

gener al «rms, since por ^ ^ 

s ub stantrally drffer betueen the di££e rent modes. 
B ode, the engine rs transrtr ^ ^ tequires 

Exiting the cold run mode and the po ^ 

£m th ; rrrr^r u — over „ 

rising. Therefore, th , speed/torq ue, which is being 

miniMiZe rrjng h ule conditions via adjustments to the 
untamed durrng t requires . 

idie air bypass valve touard 

ricU a ir-£uel mixture so that ^ ^ 

^+-or the run mode. Furtnej-, 
stoichiometry to enter the r . drocarbons . Therefore, 

mnvture to minimize hydrocaiu 
uti li Z es a lean mixture stoichi ometry to enter 

, in this case, fuel is ramped rich 

the ^ m ° de ' . . s reduC ed during the port oxidation due to 

Engine air is -duced rich air „ fue l ratio. 

the additional torgue provided hy ^ 
when port oxidation is exited, the ig 
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„ f£ iciently long time period so that the air 
" d ° ne °T I idi air bypass valve compensates to 

£1 °" " "e n,ine speed. Coid ran .ode retires 

maintain the desire ^ As fche 

, „ 2 ; r flow to maintain e»y" c 
excess engine air flow frict ion 

sir is decreased as engine 
engine warms, engine ai main tain relatively 

-zzrzzz r:;::» - - - - 

constant speed. idle air 

ru „ .ode, both ignition tiding and ai r from 
byP ass are coordinated to maintain substantial 

engine speed. here the 

Finally, the routine continues to step 

engine enters the run mode ^ 

Referring now specifically ^ 

• itialization of the starting sequence of step 
.mtializati reads 

described. First, xn step reads ^ 

^'■h-ionc: For example, tne ruuu 
environmental conditions. temp «ature, 

m ,„ t temperature, ambient air temp 
engine coolant temp ^ ^.^ q££ timers . 

bar cmetric pressors, the tim e since the 

For example, the engine-o £ ^ rQutlne 

U.t engine running condition. Then ^ 
cal culates starting parameters. These St 

•™i fuel iniection amount and tne 
include the required fuel J ^ 

idl e air bypass valve position Fu the ^ 
parameters include compensation that may ^ 

*■« account for pump temperature, pr 
the air pump to account V In ot her words, 

n a . the ambient conditions, 
voltage, as well as adjust ment may be later 

; n 4Hal pump temperature, 
based on the initial P ^ ^ As an 

„ade to the control values due ^ 

example, if the initial pump ^^ IZ^ may be 

- rri^ioriL ^ that - b e 



higher. 
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. nps a required air amount to be 

the I deL, - obtain tte 

d esired air ^ engine „ iU combust, as well 

the rich arr-fuel ratro 3ation for environmental 

-;r,o air flow amount), compeno 
as the engrne air f aiternative embo diment, the air 

conditions is used. activated and the 

- . st full airflow whenever activa 
pump operates at air -fuel ratio by 

engi ne controller maintains exhaust ^ ^ 

adj ustin g fuel injection J ^ mixture 

x ... f the pump is simply turned on and ^ 
ratio is gained by ad^i, , t *. ^ 
Continuing with Figure 3, in step 

a nd activates outputs. engine crank 

Keferring now specifically to Figure ^ 
<- 916 is described. The routxne first 
mo de of step 216 is de If no t, the 

routine loops bach ^ _ ^ routine 

turning. When the answer to s P synchro „izes 

419 In step tne 
continues to step 412. ^ in ste p 

fuel inaction ^ th e desire, open loop 

414 , the routine and idle air hypass co»ands. 

ig „ition trmrng, fuel ^ be 

In particular, these rnrtral open P 

temperature and rnta.e at 

- - adjUS " d C I Hp tie, th. routine determines 
hydrocarbons. Next, ^ part icular, the routine 

whether the engine has ™ n up - predetermined 

u <-v^r- the enqine has reacneu a v 
uetermines whether the , ^ ^ 

engine speed thresnox . f , bili ty. When the answer 

reached a predetermined leve o stab y ^ 

to step ,1. is -no", the rou r e ^ ^ 

Otherwise, when the answer to step 



ends . 



.,.„,,,„ to Figure 5, the cold run mode 
Referring now specifically to (igur 

•v,»H First, in step 510, the routine 
of step 222 is now described. First, P 

schedules a lean air-fuel fixture to be combusted in the 
engine. Really the lean air-fuel ratio is on ly 1 U 
Xean. For example, typical values are from about 14.8 15.1 
air -fuel ratios, where about 14.6 is nearly stoichiometry. 
„ext, in step 512, the desired/scheduled engine air flow is 
increased. In other words, the idle air bypass valve , or 
electronic throttle if eguipped, is increased to provide 
eoditional air flow to compensate for the iean combustion 
mix ture and retarded ignition timing to thereby maintain 

„ m „t in step 514, the retarded ignition timing 
engine speed. Next, in step on, 

is scheduled. 

Figure 6 describes the determination of whether port 

• j • 5 t, n 224 In particular, the routine 
oxidation is required in step 224. In p 

,, 0 r hpr to enable additional air to Oe 
of Figure 6 determines whether to enao 

pr ovided by the air pump in the engine exhaust First x 
step 610, the routine determines whether the estimated exhaust 

ahirP (ext fl) is within a predetermined 
manifold flange temperature (ext_£U 

* „ ranae In particular, the routine determines 

u be t „ee„ , ^ 

erature and a port oxidation high temperature ,Ox low t 
Ox hi tmp, . »ote that alternative temperature indicat on can 
oe'used. For example, whether exhaust temperature or catalyst 
temperature is greater than a pre-selected value for a 
predetermined time duration, or a predetermined number 
enaine events. 

In an alternative embodiment, exhaust port temperature is 
used to trigger when to enable the air introduction device. 
A1 so. The port oxidation high temperature could be a 1 g t of. 
temperature of the catalyst 20 above which no port oxidation 

nor cold run mode is necessary. 

on "i q "r\n" the routine 
When the answer to step 610 is no , rn 

2c. re nuired. Alternatively, 
determines that no port oxidation is requirea 
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4. fiiQ is "ves", the routine continues to 

when the answer to step 610 is yes. , 

st ep 612. Note that the exhaust manifold flange temperature 
can be either measured from a sensor or estimated based on 
engine operating conditions. In one example, the flange 
temperature is estimated based on engine air-fuel ratro, 
coolant temperature, and ignition timing. 

continuing with Figure 6, in step 612, the routrne 
determines whether catalyst temperature (cat.tmp, is greater 
than a catalyst port oxidation threshold temperature 
(0 x cat tmp, . Note that the catalyst temperature can be 
either measured from a catalyst temperature sensor, or 
estimated using various engine operating conditions such as, 
for example: engine speed, engine air flow and ignitron 
timing. When the answer to step 612 is "no", the routrne 
determines that no port oxidation is reguired. Alternately 

„, » ve s". the routine contrnues to 
when the answer to step 612 is yes , 

step 614. 

in step 614, the routine monitors whether a throttle 
input has occurred. In one particular example, the throttle 
position is measured and the routine determines whether the 
throttle position has both increased beyond a threshold value, 
and increased by predetermined value. Alternatively, the 
routine could monitor whether the engine is still in engrne 
idle speed control. Further still, the routine could measure 
various other parameters such as the pedal position, or the 
transmission state to determine whether conditions have 
Changed such that port oxidation is no longer recurred. trl 
other conditions can be whether the engine airflow ,or MAF) x. 
neater than a predetermined limit value. Alternatively 
cylinder charge can be the parameter utilized. Also, the 
routine could monitor whether the engine is still in engrne 
idle speed control or detect a mass airflow from the mass 
airflow sensor 110 or other appropriate signals such as a 

■<,„irf =ir oressure, an intake air temperature and an 
intake manifold air pressure, 
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rh* mass airflow with a pre-selected 
engine speed and compare the mass 



threshold. 



Z yet another alternative embodiment, the pump is 

, , . deselected estimated pump flo« (which can be 

I ba v oltage, exhaust backpressure, and learned 

function of battery vux y 

v,- v, ,.nil cause a delta lambda which is too 
KAM values) which will cause a vehic le 

ir„, rrri:,r =.r,r;rr, - 

returns to ,,, rtu0 Alternatively, the pump 

on once per vehicle/engine startup. catalys t is 

eould be left running (but deadheaded, until the catalys 
„srm enough to allow for the return to idle condit on. 

is "ves", the routine 
When the answer to step 614 is yes 

- nidation Alternatively, when the answer 
discontinues port oxidation. a 

to step 614 is "no", the routine continues to step 616 

v, Hn P determines whether the exhaust 

In step 616, the routine determin 

• fold flange temperature is greater than the lower port 
ma nif old flange P ^ ^ answer 

oxidation temperature threshold ^ _ _ 

«. tpn 616 is "no", the routine returns to step 614. 
to step 61b is < the 

routine allows port oxidation and ends. 

• «■„ Fiaure 7, the port oxidation sequencing 

Rpferrinq now to Figure /, ^ f 

Referring ^ ^ routine 

nf steD 226 is now described. First, in f 

■ From step 710, the routine has 

starts the oxidation timer. From step 

two independent flow paths starting from steps 712 and 7 , 

,4-^<r> HAfprmines whether rne 
m QteD 712, the routine aecernuuc 
respectively. In step i^, 

,o* tirO is greater than the allowed fuel 
oxidation timer (Ox_tm) is g 

t , Tf r he answer to step '1/ i=> 
enrichment timer ( fuel_on_tm, th 

«ves" the routine continues to step 714 wn 

Z Is enabled and the ignition timing is further retarded 
£u el ena ^ ^ ^ ang . ne speed 

an d the engine air f ^ ^ 

is maintained and a change i ™ 11T ,rpracted 
th. increased torgue from the fuel enrichment is cou»t.r.et. 
by the retarded ignition timing and reduced engine air • 
Jr-fuel control during port oxidation enablement is further 
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described in Figures 13-15, below. 

Alternatively, when the answer to step 712 no , 

1M to step 716 where the routine determines 

routine continues to step ^ 

aether a throttle transition has bee 

fhprp a re various metnoas uu 
above herein, there nn£5itio n or various 

1Hnn9 su ch as based on a pedal position, or 
transitions, such a _,,..«, the 

oth er methods. When the answer to step 2 s no . h 
routine returns to step 712. Otherwise when * 
step in is "yes", the routine continues to step 
bel o„ herein ^ ^ routi „ e 

Continuing wi a F ^ ^ routine det ermines 

continues to step .18. I» *«P ^ step 

.u^ffip transition is aeie^^ 
whether a throttle tran » v es", the 

, , „ .„n 614) It the answer to step 118 is yes , 
716 (and step 614) Mtern atively, when the answer 

routine continues to step 722. si 

, „ 718 is «no», the routine continues to step 720. 
« 7 0 h routi e determines whether either the tlange 
I erale is greater than the upper port oxidation threshold 
,Ox hi tmp, or the high resolution oxidation timer 
Whirls, is .eater than a maxi™ all- ^ 

— s :l P Tl8 an3 riIeIa;l: P ely M the answer to step 
rirCrJr.tine continues to step 222 where the tuel 
enrichment and ignition timing retard are disabled 

Similarly, rrom step 210 the routine determine in step 

. •.-„„ fimer is qreater than an air pump 
730 whether the oxidation timer g 

ontime (airon tm) . When the answer to step 230 is yes 
„ ine continues to step 732 and enables the air pump^ 
Alternatively, when the answer to step 230 is no the 
murine continues to step 23, to detect whether o le 

h», occurred. When the answer to step 
transition has occuncu. 

«. 5fpn 730 Alternatively, when the 
the routine continues to step . M t _ step 740 

* „ 734 is "ves", the routine continues to step 
answer to step 734 is yes , 

described below herein. 



Fro. step 732, the routine continues to step 736 where a 
determination is made as to whether a throttie transition has 
ocourred. If the answer to step 736 is "yes", the routine 
continues to step 740. Alternatively, when the answer to ep 
736 is »„o», the routine continues to step 738. In step 738, 
the routine determines whether the exhaust flange temperature 
<ext fl) is greater than the upper port oxidation temperature 
thre^old or whether the high resolution port oxidation timer 
1. greater than the maximum on time in a manner similar to 
step 720. When the answer to step 738 is »no«, the routrne 
returns to step 736. Alternatively, when the answer to step 
738 is "yes", the routine continues to step 742 to disable the 

air pump. , OOQ 

Referring now to Figure 8, which is indicated xn step 228 

(Figure 2), a routine for transitioning to the run mode xs 
.escribed. First, in step 810, the routine ramps the enrxched 
fuel towards stoichiometry via closed loop air-fuel ratio 
control using the exhaust gas oxygen sensors. Next, xn step 
812 the routine ramps the engine air and ignition timxng 
whi xe maintaining engine rpm via feedback idle speed control. 

Referring now to Figure 9, a graph of exhaust manxfold 
temperature indicates operation according to the present 

m narticular, Figure 9 shows exhaust manxfold 
inventxon. In particuidi, y 

c irinnre 9 illustrates how 

temperature as a function of time. Figure 

the routine determines whether to enable the additional air 
from the air pump with rich fuel combustion, Known as port 
oxidation, in this example, the engine is started at Tl. As 
the engine starts, exhaust manifold temperature starts to n e 
a „d continues until time T2 . At time T2, the exhaust manifold 
teaches the oxidation temperature (approximately 500 to 800 
degrees F) at which time conditions will support the 
exothermic reaction of air from the air pump added to the 
exhaust with rich combustion gases. At this point, exhaust 
manifold temperature starts to rise at a higher rate until 
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time T3. »t this point, the temperature reaches the upper 
Ihoia ana the air from the air pump is aiscontinuea. 
Keferring now to figure X0. the graph ^astrafe 
.easurea exhaust air-rue! ratio upstream of the catalyst along 
with ignition timing (divided hy a factor of 10, These 
values are plotted versus time after an engrne start, 
value of one for the air-fuel ratio indicates near 
stoichiometry. further, a value of zero 
ig nition timing. The graph shows how ignition 
gr adually retarded during the cold run mode. Then at 
looroximately six seconds, the pump is engaged and the port 
approxrma y appro ximately 15-1/2 seconds, 

oxidation is enabled. Then, 

the pump is disengaged ana the run mode starts, 9 

* »„,.. that while the measured exhaust air- 
Hmino is aavancea. Note that wnne n 

Z ratio inaicates reiatively close to stoichiometr y during 
the port oxidation mode; this is because the rrch exhaust 
g a=es are reacting with the air from the arr pump so that 
sensor measures near stoichiometry. 

A s such, the present invention in one emboaiment, 
operates lean, with ignition timing retarded with no 
secondary air adaed via the air intro d uctron aevic xhau t 

temperatures is less than a first temperature imit dur in an 
engine cold start. If temperature is greater than the first 

t-he enaine operates with 
limit but less than a second Umit, the engr p 

seconaary air an d rich enough to support auto-ignition 

exhaust between the rich exhaust gas ana the ^ 

^^+-o-r than the second limit, tne 
Next, when temperature is greater than 

• p»„ onerate at stoichiometry without secondary air. 
engine can operate ciu -..^j*. 
other woras, after the engine has reached the second limit, 
the engine can operate to maintain the exhaust gas about 
stoichiometry without additional air injection. 

nnally, when operating with secondary air, the engine 
can be returned to enleanment with retarded ignition timing if 
a non-idle conaition occurs, alternative, engine air mass, 
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or another indication of air amount can be 
cylinder charge, or anotner 

US6d " ., AHna the idle/non-idle state, or 

nno r p a son for monitoring tne wi 

One reason increased beyond 

a thresno D , es ent invention recognizes 

economy. In other words, the presen 
that to achieve the auto-ignition in the exhau t g - 
conation air/fuel should preferably he richer than 

-l. -5 «p airflow increases 
approximately 12,1. - lf £uel increases 

. . allv . then the amount of excess 
substantial y the ^ i( 

proportionally, inis c<a« >d 

Further the present invention recognizes that the air 
Further, tne p provide enough air to 

introduction device may -t be abl P q£ 
g0 with all of this excess fuel. Thus, 

• P v Cess fuel is also avoided, 

incomplete burning of excess ^ odiment , provi des a 

Th e present invention in another ^ 
method for operating an engine with an emis 
in an exhaust system of the engine, and air 
device coupled to the engine exhaust system. The metho 
device * 4 n » first mode during cold 

comprises operating the engine in a first 
idle conditions where the engine inducts a lean air 

Jre and ignition timing is retarded, 
in a second mode, after said first mode 
conditions where the engine inducts a rich air fuel mi 
d the air introduction device adds air to the engine 
exhaust, and exiting the second mode hased cn an increase 
pedal position of a vehicle pedal actuated hy a vehicle 



driver . 



In this way, the less fuel efficient second engine 
operating mode is terminated when the engine operates at 
increased air flows. In other words, the rapid exhaust 
increased *x air _f u el ratio and excess 

heating provided by a rich engine air fuel ra 
air added to the engine exhaust is carried out during 
conditions where the impact on vehicle fuel economy is 



I 



minimised. ,3 such, the inventors herein have recognized that 
such rich operation should be conducted during low en ne ir 

• • rhic; neaative impact on vehicle 

flow conditions to minimize this negativ 

fuel economy. 

u f„ r) .hpr exdained with reference 
c This operation can be further expian 

to Figure U. The top graph of Figure 11 shows engine air- 
fuel ratio as measured by a UEGO sensor upstream in the 
exha ust manifold. Note that the high initial lean reading is 
because the sensor is not yet reached operating temperature. 

_ * ^ ton illustrates exhaust temperature 
0 The second graph from the top illusrra 

■ fVl ;c avamrile) . The third 
(exhaust manifold temperature in this example). 

gra ph from the top Illustrated the idle flag (on indicates he 
Ugle is in the idle mode, . The bottom graph illustrates the 
air pump flag (on indicates the air pump is pumping arr into 

i s the exhaust manifold) . 

N ote that the top graph shows air-fuel ratio measured 
upstream of the air introduction device, whereas the 
embodiment described herein uses a sensor that measures 
exhaust air-fuel ratio downstream of the air introduction 

, „e I e in the example described in these figures, the 
?0 device. i.e., -m * - 

air -fuel ratio measured by a UEGO sensor located in place of 
sensor 16 would show substantially a stoichiometric mixture 

considered a commanded in cylinder air-fuel ratio, as 

?5 described below. .4.-^ 

Th e engine is first operated lean with retarded ignition 

exhaust temperature (e.g., manifold temperature, "aches f =t 

3„ mode (note, in an alternative embodiment engine airflow is 
used in place o, the idle flag, , the engine transitions to 
ri ch operation and starts adding air via the air pump in the 
engine exhaust. In the first case (solid line,, the engine 
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„ w o a=! such, the engine transitions 
exits the idle mode at time 2 . As sucn, 

back to lean operation with retarded ignition timing. 

The dashed line is a second case where the engine remains 
in the idle mode during the entire warm-up. At timeS m the 
second case, the engine reaches the second temperature 
thr eshold T2 indicating that the port oxidation mode is no 
long er reguired and thus transitions fcac* to lean operat on 
with re tarded ignition timing. This continues until time5, 
wh ere the temperature reached threshold T3, and the engine 
transitions to oscillation about stoichiometry. 

engine operates with retarded ignition timing. At time , 
temperature reaches T3 and the engine then transitions 

oscillations about stoichiometry. 

■ i, a , pxamole air introduction 

Referring now to Figure 12, an example 

T f^c rase air pump 1212 is coupled 
taq = ohnwn In this case, axi. r 
device 209 is snown. ^ u a o P d 

to a control valve 1210. The pump is either on or off based 
on pump command voltage Vc, which is fed to relay 1213. 
powered by the battery 1214. The airflow is controlled vra 

the control valve 1210. 

Note that this is just one configuration. In an 

alternative configuration, the flow is simply controlled by 

adjustment of the voltage applied to the pump. 

Referring now to Figure 13, a routine is descrrbed for 
controlling air-fuel ratio of the engine to compensate for art 
introduced via the air introduction device 209. Thrs 
particular routine attempts to maintain the mixture of 
combustion exhaust gases and air introduced via the air 
introduction device at an overall mixture 
approximately the stoichiometric value (relative arr-fuel 
r atio of 1, . note, however, another air-fuel mixture targe 

. -. i -4= rn? rn »ir- fuel ratio sensors are 
could be chosen, especially if UEGO air fuel 

used . 
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in ^ral, the routine o£ Figure 13 uses feedback fro. 
exhaust air-fuel ratio sensors to adaptively learn an estimate 
of air flow introduced into the exhaust via the air 
introduction device. The routine only enables learning of the 
pump air flow when the pump is on and feedback air-fuel ratio 
control is executed. During this learning of pump air flow, 

, , -n,„. „„« that errors due to fuel injector 
the control algorithms assume tnai 

offsets, errors from the mass air flow sensor, and bank to 
bank or cylinder to cylinder variations have already been 
iearned and accounted for during non-port oxidation mode. In 
this way, it is possible to isolate the air flow error due to 
estimation errors of the pump air flow. 

nnu ^necifically to Figure 13, in step 1310 the 
Referring now specim-ax-Ly >- ? 

var iabies stored in the KAM memory 
routine initializes various variables 

of controller 12. In particular, the variable ( PETA_KAM) is 
initialized to the most recently updated value from previous 
engine operation. Upon initial engine production, this 

variable is set to zero. 

in step 1312, the routine estimates air flow introduced 
via the air pump based on engine operating conditions. In 
other words, the routine determines a feed-forward, or open- 
loop, estimate based on operating conditions. The estimate of 
air pump flow (AIR_FLOW_CAL) is based on measured air mass 
flow (MAF) and battery voltage using the equation below. 

AIR_FLOW_CAL = FNAM (air mass ) *FNVOLT (battery voltage) 

where, FNAM is a calabratable function of air mass, or MAF, 
and FNVOLT is a calabratable function of battery voltage. 

in an alternative embodiment, the air flow can be 
estimated based on exhaust pressure. In other words, as 
described above herein, the present inventors recognize that 
the amount of air flow introduced via the air pump (which is a 
non-positive displacement pump) is affected by exhaust back 
pressure and supply voltage. Further, various corrections can 
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, - H to account tor variations in atmospheric pressure 
be applied to accounu 

and atmospheric routi „ e correct3 the air 

Continuing with step 1313. th. ^ 

• .fc b^^ed on learned data to ouuax 
pu „p estrmat baseo ^ ^ 

pump flow estimate (PEiA_iwr_ 
below. 

PETA_INF_AM = AIR_FLOW_CAL* (1+PETA_KAM) 
. FLQW CAL is a calabratable adaptive gain parameter. 

estimate is based on the - 
variable (PETA KAMI . Updating of this parameter is describe 
varrable I ular re£e rence to step 1326. Thrs 

below herein with particular 

,h thus uses a single learned value assuming that pump 
approach thus 9 ^ under 

£1 ow will ««- el ';* r j air pump now used 
all conditions to provi ten 

Ill/or a 1st ions in applied voltage, bac, 
to compensate for var sin ale parameter 

j a tmosoheric conditions, only a single P 

, 1™ :: d cr:sate £0 r „^ — - — 

lffArta S uch as pump degradation, 
slowly varying affects sucn y lMrned 

• » n alternative embodiment, the learned 
However, in an alternariv „^ nn 
direction value can be stored across various operating 
conditions such as, tor example-, engine speed an lo d, or 

- naM ture In other words, two 
■ 5 estimated exhaust gas temperature. 

values, one for each bank to account for bank-to- bank 

ations in the air distribution system, could be used, or, 
in the event that separate pumps are used for each bank, 

■, j be used to account for differences in 
mu lti P le values could be * pre _ det ermined bank- 

30 the pumps. Further, one could assume a p 

, . riiffere nce (when using one pump) and apply a bank 
bank difference . f pETA KAM 

specific multiplier while using the single value 

for the whole system. 
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continue with ». * * ^tio 

calcuUtes a desired end cyUnder combustion air-fuel ratio 

( PETA_LAMBSE ) as shown in the equation below. 

PETA LAMBSE - (AM* ( PETA_LAMBDA_DES ) ) / (AM ♦ (PETA_INF_AM) 

uh ere AM is the air mass determined from the 

petA LAMBDA DBS is the desired mixture air fuel 
sensor (MAE) , PETA LAM e , tl »t.d air flow 

ratio (PETA_LAMBDA) , and PETA_INt_luj 
via the air introduction device. 

This desired end cylinder air-fuel ratio is thus 

calculated based on the desired mixture air-fuel ratio 
calculated estimated air 

ibpta LAMBDA), measured air mass inw 

(PETA_imi=u j pitta INF AM). Mote that 

■ air introduction device (PETA_i»r_«"J 

fiow via the air ^ . de 

accordin, to the present inve ntion it P ^ 

iearning of air pump flow even if the m " tU " 

u'^trir ratio. As an alternative, a 
other than the stoichiometric ratio. 

Ko ^Iculated as shown in the equation 
ratio (PETA RAT) can be calculateo a 



below. 
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PETA_RAT = AM/ (AM + PETA_INF_AM) 

In step 1316, the routine determines whether : th e EGC > 
sensor 16 has switched. If the answer to step 3 6 is no, 
the routine continues to monitor for an EGO switch. 

,■ .iv if the answer to step 1316 is "yes", the 
Alternatively, if ^ 

routine continues to step 1318. In step 

saves the final air-fuel ratio value determine » se 
looD air _ fue l ratio control when the EGO sensor switched 
loop air LAMBSE, on a per bank 

(i e., LAMBSE_SAVE is set to the curre 
basis if a multi bank engine is used) . This value is 
basib ii n^rHcular reference 

calculated as described below herein with particular 
caicuiateu f th . t he routine 

to Eigure 14 . The value is saved, and further, th 
k eeps tracx of which ban, « [BAHK_TMP] , the air-fue ratio 
value is saved from in the case of a multi-cylinder ban* 



- 26 - 



■ . Then in step 1320. the routine calculates an error 
^lue (MR FUEL E »0 R , based on the difference between the 

Z d I ir-fuel ratio (PETA LAMBSE) and the required fmal 
scheduled air j- ^-ivt-nre 

air . £uel value necessary to maintain the measur d mature 

ratio (LAMBSE_SAVE) as shown by the equation below. 

AIR_FUEL_ERROR - 14 . 6* ( LAMBSE_SAVE [BANK_TMP] 

4-^ ko * result of an error in the 
This difference seems to be a result 

air .;l; f lo „ estimation and the ai^low air - 
from the air-fuel ratio error and the current 
in step 1322 as shown in the equation below. 

AIR FLOW_ERROR = AIR_FUEL_ERROR*LBMF_IN J [BANK TMP} 
* (NUMCYL/2) *N 

„ h ere . is the engine speed, ««L is the number 0* cylinders 
in the engine, and LBMF_IWJ is the lb, mass of fuel rn.ec 

from the injectors . multi -ban k system by 

Again, the routine accounts tor 
selecting the fuel flow from the ban, corresponds to 
^ ^r-fnpl ratio value. 
T , step 133,, the routine determines whether the 

pa mp flow is greater than a threshold ^ J^^ 
th e routine can determine -ther the ra ^ 
pu mp flow ( PETA_RAT ) is greater t an a t _ 
particular, at low air pump flow (e.g., 
other air-fuel ratio errors ma, overwhelm errors due to 

flnw Thus , according to the present 

"Tio: Tie o sible to only allow learning of pump flow 
invention, il 13 r , arrnr i n 

.v, . errors will be minimized compared to the error 
when these errors win , « V es", 

flow Thus, when the answer to step 1324 is yes , 
the pump flow. Thus ^ ^ ^ 

the routine continues to step 
(PETA_KAM) as shown by the equation below. 
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„ h ere PETR KAM GRIN is a calabratable adaptive learning gain. 

Step 1316 above assumes a switching sensor is used for 
sensor 16. An alternate would be to use a wide range sensor 
, UEK » as sensor 16 and perform the learning at regular 

-^v, nnint<5 An advantage of 
intervals instead of at sensor switch points. 

n , ^ in nHai-Ps could be made more 

the wide range sensor would be that updates 

frequent, which would facilitate a more complex adaptrve 
system where the learned correction could be evaluated as a 
function of parameters such as exhaust backpressure or engine 

air mass, temperature, etc. 

, t-n Fimire 14A, a flowchart of a routine 
Referring now to fcigure xin., 

* u stroller 12 to generate fuel trim signal FT is 
performed by controller iz w y 

• ^ first made whether closed- 

now described. A determination is first ma 

loop air/fuel control is to be commenced (step 1422) by 
storing engine operation conditions such as ^™ 
When closed-loop control commences, signal EG02S is read (step 
1424) and subsequently processed in a proportional plus 
integral controller as described below. 

Referring first to step 1426, signal EG02S is multiplied 
by gain constant GI and the resulting product added to 
products previously accumulated (GI^EG02S i - 1 ) in step 1428. 
Stated another way, signal EG02S is integrated each sample 
period (i) in steps determined by gain constant GI . During 
step 1432, signal EG02S is also multiplied by proportional 
gain GP. The integral value from step 128 is added to the 
proportional value from step 1432 during addition step 1434 

generate fuel trim signal FT. 

The routine executed by controller 12 to generate the 
desired quantity of liquid fuel delivered to engine 10 and 
trimming this desired fuel quantity by a feedback variable 
related both to sensor 80 and fuel trim signal FT is now 
described with reference to Figure 14B. During step 1458, an 



- 28 - 



is first determined by dividing 
open-loop fuel quantity is first a air /fuel 

f of inducted mass airflow (MAF) by desired air/fuel 
measurement of inductee. „ hHrh 
ratio Afd (which is PETA_LAMBSE during port oxrdatron) 
i. typically the stoichiometric value for gasoline combustron. 
However, setting AFd to a rrch value will result in opera rng 
the engine in a rich state. Similarly, setting AFd to lean 
val ue will result in operating the engine in a lean state. 
This open-loop fuel guantity is then adjusted, in thrs example 

divided, by feedback variable FV. ^„ ired 
After determination that closed-loop control rs desrred 
U tep 1460) by monitoring engine operating conditions such as 
temperature (ECU, signal EG01S is read during step 162. 
curing step 1466, fuel trim signal FT is transferred from h 
routine previously described with reference to Frgure 14A and 
added to signal EGOIS to generate trim signal TS 

During steps 1470-1478, a conventional proportional plus 
integral feedback routine is executed with trimmed signal TS 
as the input. Trim signal TS is first multiplied by integral 
gain value KI (step 1470), and the resulting product added 
the previously accumulated products (step 1472). That rs, 
trim signal TS is integrated in steps determined by gam 
constant KI each sample period ,i> during step 1472 A 
product of proportional gain KP times triced srgnal TS (step 
176, is then added to the integration of KI-TS durrng step 

« -.K,c t variable FV. From this, the closed loop 
to generate feedback variaore 

air-fuel value (LAMBSE) is then calculated from the closed 
loop fuel injection amount (Fd) as: 
LAMBSE - MAF/Fd. 

„ote that during port oxidation, second oxygen sensor 80 
may not have reached operating temperature. In thrs case 
feedback generated in Figure 14* is simply not used and step 

1466 can be skipped. 

in summary, the above adaptive air pump estimation 
routine provides the following advantage, whenever closed 
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loop air-fuel control is possible, the feedback correction can 
be used to adaptively learn the P-P airflow. Further, thrs 
adaptively learned air-pump airflow can then be used in later 
engine starts, even if closed loop fuel control is not 
possible, to maintain accurate air-fuel control even rn the 
open loop situation. Further, the controller 12 can 
adaptively learn errors fro, the fuel injectors, etc., durrng 

closed loop fuel control and non-port oxidation conditions. 

in this way, during learning in the port oxidation mode, the 

error can be attributed solely to errors in the air pump flow 

estimate. 

Referring now to Figure 15, example operation according 
to the present invention is described illustrating the 
adaptive learning according to Figures 13 and 14. In 

r\f ft mire 15 shows the feedback air- 
particular, the top graph of Figure id sn 

fuel ratio control input (LAMBSE) versus time as a solid line, 
and the stoichiometric air-fuel ratio as a solid-double-dash 
line The middle graph of Figure 15 shows the feedback sensor 
value, EGO versus time. Finally, the bottom graph of Figure 
15 shows the pump flow estimate as a dashed line converging 

toward the actual pump flow (solid line) . 

. „,..., rinsed loop feedback air- 

At time til, the engine enters ciosea iuu H 

fuel control based on the upstream air-fuel sensor 16, when 

the sensor switches low, indicating the mixture air-fuel ratio 

is lean. Therefore, the control input (LAMBSE) is ramped more 

rich Then, at time tl2, the signal EGO switches high, 

indicating the mixture of air and burnt gasses is rich. As 

such, the routine jumps the air-fuel ratio less rich, and 

begins ramping toward lean (thus illustrating a P-I control 

action) Further, at time tl2 the routine updates the value 

of pETA KAM thus adaptively learning a more accurate pump flow 

value. "These processes continue for each EGO switch, as 

illustrated at time t!3 and t!4. As also illustrated, the 

• pump flow estimate oscillates around, and converges toward the 
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flow (which is not measured on the vehicle, but 
actual pump flow (wnicn xa 

aC F . . i . h _ t the estimate is converging 

merely shown here to indicate that the 

toward the actual value) . 

This concludes the detailed description. As noted above 
herein, there are various alterations that can be made to the 
present invention. 
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